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Abstract: Two runoff water sampling campaigns were carried out in the winter season of 2008 and 2009 in order to 
determine the hydrochemical characteristics of runoff in Anata Catchment, West Bank and to detect the pollution 
sources in its path. Twenty six runoff water samples were analyzed hydrochemically for the major ions parameters as 
well as for the trace elements of Co, Pb, Cd, Zn, Fe, Ni, Cu, Cr and Mn. High Chloride concentration was observed 
and indicates wastewater pollution. High concentration of Fe, Cr, Ni and Zn in two sampling places indicates 
wastewater pollution as well. The majority of the runoff water samples are falling in the field of moderately hard to 
hard and in some of them are very hard from hardness point of view and they are falling within the S1- level of no 
harmfull effects from sodium.  
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Caractéristiques hydrochimiques d’écoulement dans le bassin hydrographique d’Anata 
Résumé: Pendant les hivers 2008 et 2009 deux campagnes d’échantillonnage étaient menées pour déterminer les 
caractéristiques hydrochimiques d’écoulements dans le bassin hydrographique d’Anata en Cisjordanie et les sources 
de la pollution dans son parcours. Vingt six échantillons d’écoulement ont été analysés hydrochimiquement pour les 
paramètres d’ions principaux ainsi que les oligo-éléments de cobalt, plomb, cadmium, zinc, fer, nickel, cuivre, 
chrome et manganèse. Des concentrations élevées de chlorure était observées et sont un signe de pollution des eaux 
usées. Des concentrations élevées de fer, cuivre, nickel et zinc dans deux sites d’échantillonnage sont également signe 
de pollution d’eaux usées. La majorité des échantillons d’écoulements sont situés entre modérément dur et dur avec 
quelques exemples qui sont très durs. Tous les échantillons sont situés sur le niveau S1 des effets nocifs venant du 
sodium. 
 
Mots clés: Hydrochimie, écoulement, Cisjordanie.
 
1. Introduction 
Water in the Dead Sea region is scarce in nature. The rainfall amounts in the Dead Sea areas is less than 
100 mm per year (MOA, 2010). However, water demand is high due mainly to the heavy agricultural 
activities in the Jordan valley areas. The major challenge to the water environment of the Dead Sea is to 
study the pollution caused by the pollutants carried by runoff flow, which affects the nearby aquifers. In 
many Wadis of the West Bank, wastewater flow throughout the year in its treated and untreated forms 
like in the Qilt and Anata catchments, respectively, cause pollution to the underground water. It is of 
much more important to monitor these Wadis in order to measure the degree of pollution to the aquifers 
and to detect the pollution sources there. The polluted areas within the aquifer recharge areas are suffering 
from the scarcity of sewage network connection. The gap between water demand and available water 
resources as well as the identification of suitable management options was reduced taking into 
consideration the socio-economic aspects in the region. This research topic deals with the hydrochemistry 
of the runoff in Anata catchment in the Dead Sea environmental areas in order to assess the pollution  
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degrees to the aquifers of the adjacent areas.  
 
2. The Study Area 
The Study area is the Anata Catchment, which lies in the eastern catchements of the West Bank within the 
Lower Jordan Rift valley. The runoff flow of the catchment is to the northern part of the Dead Sea (Fig. 
1). The catchment elevation‘s varies from 700m above sea level in the western parts to the Dead sea level 
in its eastern parts. A general water divide bounds the area from the west and the Dead Sea from the east. 
The western boundary of the study area is the main watershed between the Mediterranean coastal area 
and the Jordan Rift valley. The area is divided into two topographic units: a hilly region in the western 
parts and the Dead Sea in the eastern parts. The catchement is shaped like a fan with a length of 32 km 
from eastern to western boundaries. From the geological and structural point of view, the area is 
considered to be a complex with major structural features: faults and folds (Rofe and Raffety, 1965).
  
 
Fig. 1. Location map of the study area including the drainage patterns. Situation du secteur d'étude comprenant les réseaux de 
drainage. 
The water sources in the Study area originate from the rain and occasional snow that precipitates during 
winter seasons over its western parts. Most of the groundwater occurs in fissures, karstic features and 
joints in the eastern parts and originates from the rain that falls on the carbonate rocks of Late Cretaceous 
age in the western parts. The upper Cretaceous formations comprise the regional lower and upper 
Cenomanian aquifer systems (Blake and Goldschmidt, 1947; Rofe and Raffety, 1965).  
The geology of the Study area is illustrated in Figure 2 and it controls the recharge mechanism of the 
formations in which the groundwater flow follows the direction of the formation’s dip. Cenomanian 
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formations consist mainly of micritic dolomite which is very hard and virtually nonporous and the void 
space occupies only 2.6% (Mimi and Assi, 2009). The Turonian formation is composed of a highly 
fossiliferrous limestone and dolomite. Therefore, its primary porosity is greater than in the Cenomanian 
outcropping and being 8-15% of the rock. The turomian intrinsic permeability is also larger than in the 
Cenomanian, being 135 mD. The Neogene outcropping consists of well cemented conglomerates and 
contains a small amount of fresh water. It is composed of conglomerate lenses, marl and clay of the 
Lower Tertiary. The Pleistocene outcropping consists mainly of unconsolidated sand, gravel, cobbles, and 
boulders of different sizes separated by impermeable layers of saline lacustrine marl deposits. These 
deposits are composed of limestone, dolomite, chert, gravel with sand and clay filling the intersects and 
forming the alluvial fans. The alluvium is unconsolidated in the Rift Valley, where it is formed of 
laminated marls with occasional sands.  
 
Fig. 2. Geological Map of the Study area. Carte géologique du secteur d'étude.
 
 
3. Methodology and results 
A sampling campaign was conducted in the Anata Catchment in the winter season of the years 2008 and 
2009. The Runoff water samples were analysed in the water lab of Bir Zeit university. The major cations 
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and anions as well as the trace elements were analysed. 
Thirteen runoff water samples were collected from different sampling places of the Runoff of the major 
wadi from Hizma village in its western side till the Khan Al Ahmar area in its eastern side within the 
Anata catchment. Two sampling campaigns were carried out in December 2008 and February 2009. It is 
taken into considerations that the distance between the sampling points are depending on the upstream 
recharge, runoff in the downstream & the nearby different pollution sources. The runoff water samples 
were anlayzed hydrochemically for the major cations and anions and the trace elements of Co, Pb, Cd, 
Zn, Fe, Ni, Cu, Cr and Mn (Tables 1-2).
 
 
Table 1. Major ion concentrations in the collected run-off samples.  Concentrations en ion des éléments majeurs dans les 
échantillons de l'écoulement. 
Na K Mg Ca Cl SO4 NO3 HCO3 
Sampling 
Site mg/L 
First Group - December 2008 
1 77.7 10 21 116 
672 18.8 9.6 74.3 
2 41.6 14 12.4 76.9 
763 4.6 9.2 62.4 
3 11.7 2.2 4.2 37.8 
780 38 8.6 80.2 
4 38.5 7.1 8.3 41 
842 5.1 9.3 74.1 
5 38.8 7.2 7.7 38.8 
166.2 3.1 12.2 94 
6 12.4 9 7 39 
430 3.3 21 62.8 
7 35.7 7 7 43 
322 28 10.7 108 
8 25 7 7 50.6 
588 21.2 10.5 132 
9 25 7.1 7.5 52.3 
73 8.8 9.4 86.2 
10 26.4 6.7 7.6 51.8 
70.1 32.4 8.2 186 
11 22.5 1.9 5.1 22.1 
406 24.2 6.7 171.2 
12 26.7 6.6 7.5 47.5 
75.3 38.6 3 117.6 
13 26.8 6.8 7.5 50.3 
788 8.1 4.1 128.4 
Second Group - February 2009 
1 55.4 2.8 9.2 37.6 
670 18 10 75 
2 42 13.9 86.9 40 
760 5 10 63 
3 9.6 3.3 3.7 47.3 
778 38.3 9 80 
4 13.1 1.4 2.9 28.4 
840 4.9 8.8 74 
5 14.5 4.2 3.8 28.3 
166.2 3.1 12.2 93.3 
6 23.2 6.6 19.2 49.6 
428 3.1 20.8 62.8 
7 19.5 2.9 11 44 
321 29 11 105 
8 19.3 2.5 4.3 29.3 
588 21.2 10.5 130.5 
9 77.5 3.9 10.5 50.8 
70.2 8.6 9 86.2 
11 22 2 5 22 
405 25 6.6 170.8 
12 25 6 7 47 
76 39 4 115.9 
13 25 7 8 49 
780 7.9 4.1 127 
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Table 2. Trace element concentrations in the collected run-off samples. Concentrations en ion des  éléments traces dans les 
échantillons de l'écoulement. 
Co Pb Cd Zn Fe Ni Cu Cr Mn 
Sampling 
Site  µg/L 
First Group - December 2008 
1 20 37 3 0 34 38 0 6 0 
2 4 12 5 0 7.8 14 0 11 26 
3 31 3 4 0 41 24 0 5 0 
4 2.6 0 0 25 0 2.1 9.6 1.8 0 
5 2.6 0 0.5 19.7 0 1.3 8.8 1.3 0 
6 1.6 0 0 15 46 2.5 10.4 1 0 
7 2 0 0.5 23 0 2 11 3 0 
8 0 0 1 95 44 2 0 4 0 
9 2 0 0 26 34 4 0 4 0 
10 12 0 1 5 12 0 0 3 0 
11 0 0 0 0 1.1 1 0 6 7 
12 0 40 0 0 25 1 0 3 0 
13 6 93 0 0 28 9 0 1 0 
Second Group - February 2009 
1 15 0 0 97 2.3 961 0 386 25 
2 24 33 0 374 21000 9280 0 1700 405 
3 1.6 0 0.4 2.4 49.4 2.4 21.7 2.5 0.2 
4 2.1 0 0.4 46.9 0 36.2 12.9 1.3 0 
5 2 0 0.7 365 0 5.4 17.1 1.5 0.3 
6 2.9 0 0.6 89.7 0 3 12.2 1.3 0 
7 38 10 0 234 18000 6150 3 2260 132 
8 2.6 0 0.5 206 0 3.2 18.5 1.2 304 
9 2.9 0 0.7 119 0 63.8 29.5 1.8 0 
11 0 0 0 0 1.2 1 0 7 7 
12 0 38 0 0 24 1 0 2 0 
13 5 94 0 0 27 10 0 1 0 
 
 
Water types 
Graphical and statistical methodologies were used to classify the Runoff water samples according to their 
main constituents.  
This ordering system is based on the meq/l percentages of the major cations Ca 2+, Mg2+, Na+, K+ and the 
major anions HCO3-, Cl-, SO42-, NO3-, SO42-. The majority of the runoff water samples show Ca- Cl type 
in the whole part of the Runoff Stream. This is because of the pollution caused by the untreated 
wastewater, which flows from some communities inside the catchment. Three samples in the middle part 
show Ca–HCO3 type. This reflects the origin type of the runoff water as well as the geology of the study. 
Piper diagrams were plotted for all the water samples analyzed in terms of major ions using AquaChem 
5.1 software. The majority of the runoff water samples are falling in the type of Earth alkaline water with 
increasing portions of alkalies with prevailing chroride, sulfate and sometimes with prevailing of 
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bicarbonate (Fig. 3).
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Fig.3. General Piper diagram for samples collected in December 2008 and in February 2009. Diagramme général 
de Piper pour des échantillons de décembre 2008 et de février 2009. 
Statistical analysis 
The results of the descriptive statistical analysis done for the data collected are illustrated in Tables 3,4. 
Table 3. Descriptive statistical analysis for samples collected in December 2008. Analyse statistique descriptive pour les 
échantillons de décembre 2008. 
Parameter Unit Max Min Average Std. deviation 
Ca mg/L 116.0 22.1 51.3 23.1 
Na mg/L 77.7 11.7 31.4 16.7 
K mg/L 14.0 1.9 7.1 3.0 
Mg mg/L 21.0 4.2 8.4 4.2 
Cl mg/L 842.0 70.1 459.7 298.3 
SO4 mg/L 38.6 3.1 18.0 13.4 
HCO3 mg/L 186.0 62.4 105.9 39.7 
NO3 mg/L 21.0 3.0 9.4 4.3 
Fe  µg/L 46.0 0.0 21.0 18.1 
Mn µg/L 26.0 0.0 2.5 7.3 
Ni µg/L 38.0 0.0 7.8 11.4 
Cr µg/L 11.0 1.0 3.9 2.8 
Cd µg/L 5.0 0.0 1.2 1.7 
Cu µg/L 11.0 0.0 3.1 4.8 
Pb µg/L 93.0 0.0 14.2 27.6 
Zn µg/L 95.0 0.0 16.1 26.0 
 
The water of the collected samples shows the following ionic strengths for major ions: 
 and  
The analyzed parameters were also subjected to product linear correlation analysis. A correlation matrix 
is a symmetric square matrix whose entries are called correlation coefficients and main diagonal is all one 
unit. Correlation coefficients were calculated for all possible pairs of variables. They numerically express 
the extent to which two variables are perfectly correlated, a value of 0 indicates that the variables have no 
correlation at all (i.e., they are completely independent) and a value of -1 indicates that they are perfectly 
negatively correlated (an increase in one corresponds to a decrease in the other). 
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Table 4. Descriptive statistical analysis for samples collected in Feb. 2009 
Parameter Unit Max Min Average Std. deviation 
Ca mg/L 50.8 22.0 40.3 9.5 
Na mg/L 77.5 9.6 30.9 19.5 
K mg/L 13.9 1.4 5.0 3.5 
Mg mg/L 86.9 2.9 14.6 23.2 
Cl mg/L 840.0 70.2 490.2 285.5 
SO4 mg/L 39.0 3.1 16.9 13.5 
HCO3 mg/L 170.8 62.8 98.7 32.5 
NO3 mg/L 20.8 4.0 9.7 4.3 
Fe µg/L 21000000.0 0.0 3258658.0 7613251.0 
Mn µg/L 26.0 0.0 4.8 9.9 
Ni µg/L 961.0 0.2 159.9 285.4 
Cr µg/L 2260.0 1.0 363.8 772.2 
Cd µg/L 0.7 0.0 0.3 0.3 
Cu µg/L 29.5 0.0 8.9 10.2 
Pb µg/L 94.0 0.0 14.6 28.5 
Zn µg/L 374.0 0.0 99.1 118.1 
 
A strong correlation is shown between the following groups: (Mg, Na, Ca), (Ca, Mg, Ni), (Mn, Ca, MG, 
Na), (Ni, Ca, Mg, Mn), (Cr, Fe), (Cd, Ni, Cr, Fe, Mn), (Ca, Cu, Ni), (Zn,Fe,Cr,K,Mg, Mn), (SO4, Cu), 
(HCO3, Pb) and (NO3, Fe). High concentration of chloride and the concentration of the trace elements of 
Fe, Cr, Ni and Zn in two sampling places indicate of wastewater pollution. 
Hardness is defined as the concentration of multivalent metallic cations in solution. Total hardness is 
expressed as CaCO3 in mg/L, which is calculated according to the following equation (Todd, 1980): 
 
where Ca2+ and Mg2+ concentrations are in mg/L. The majority of the runoff water samples are falling in 
the field of moderately hard to hard and some of them are very hard from hardness point of view 
according to the Sawyer and McCarty (1967) classification.  
Agricultural purposes 
The sodium hazard of irrigation water is estimated by the sodium adsorption ratio (SAR), which is 
calculated by the following formula:  
where all ionic concentrations are expressed as meq/L. Classification of irrigation water based on SAR 
values (Todd, 1980). The collected runoff water samples show that they are falling within the S1 level of 
no harmfull effects from sodium. 
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4. Conclusion  
Twenty six runoff water samples were collected from the Anata wadi within the Anata catchment in the 
West Bank from the village Hizma in the western side till the Khan Al Ahmar area in its eastern side in 
two sampling campaigns in December 2008 and in February 2009. The major objective is to assess the 
hydrochemical characteristics of the runoff and to investigate the pollution sources in it in order to detect 
its path to the groundwater. The runoff water samples were analyzed hydrochemically for the major 
cations and anions and the trace elements of Co, Pb, Cd, Zn, Fe, Ni, Cu, Cr and Mn. The majority of the 
runoff water samples are falling in the type of Earth alkaline water with increasing portions of alkalies 
where chroride, sulfate and sometimes bicarbonate prevail. They are falling in the field of moderately 
hard to hard and in some of them are very hard from hardness point of view and they are falling within 
the S1 level of no harmfull effects from sodium. High Chloride concentration as well as high 
concentration of Fe, Cr, Ni and Zn was observed, indicating wastewater pollution. 
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